Currently, to estimate the parameters of the Spent Nuclear Fuel (SNF) and their evolution with time many of the international software are used. This work is dedicated to the evaluation, analysis and comparison the safety characteristics of the fuel Assembly which used in reactor types VVER-1000 obtained in the present work and by other authors [1] using different software packages. The result of calculation for the characteristic safety nuclear fuel at many stages of the Nuclear Power Planet (NPP) was also calculated in this work.
Introduction
Verification and validation of the neutron's codes that are used for modeling the behavior of the nuclear power plants (NPPs), is the subject of research since the beginning of the nuclear technology. There are several objects and research reactors, intended for research on these issues, and there are many publications in this field (for example, the authors have been involved in [2] [3] [4] ).
The countries that want to have nuclear energy should strengthen the possibility of using these calculations. Some of these calculations include neutron codes, such as WIMS-ANL [5] , CITATION [6] , MCU [7] , MCNP [8] , SCALE [9] and others.
To confirm the reliability of the analysis model, it's necessary to verify the calculation methods [10] [11] [12] [13] [14] by comparing the calculation results with the measurement results.
Verification of complex programs is very important at every stage of the fuel cycle in nuclear power plants, from the initial campaign, operation, storage and transportation.
Code and model
In the present work to calculate the characteristic of the spent fuel assemblies of VVER-1000, SERPENT (2.1.28) and the SCALE5 code package (SAS2) codes were chosen.
SERPENT is [15] a software tool (PS) that implements the Monte-Carlo simulations, enabling the calculation of the change of nuclide composition of nuclear fuel during the irradiation in the reactor, and the effective neutron multiplication factor K eff of arbitrarily complex systems, using for their description two -or three-dimensional geometry [15] .
The code package SCALE includes computer module (SAS2) that combines programs (BONAMI, NITAWL, XSDRNPM, COUPLE, ORIGEN-S, and XSDOSE) and libraries (ENDF/B-V in different group energies) to calculate a particular problem (the analysis of the criticality, radiation safety, heat transfer, distribution of isotopic composition depending on burnup) [9, 16] . Other programs that were compared with our results are presented in [1] .
For analysis, fuel Assembly (FA) for VVER-1000 was used with standard parameters which are presented in table 1 and Figure 1 [1] . In addition to the channels of the fuel elements in the model there is a central channel and 18 of the guides channels, which is a water-filled steel pipe with a zirconium clad. The concentration of isotopes, borated water, fuel and clad presented in table 2.
Results and Discussions
In the present work the results of the fuel safety characteristics of reactor VVER-1000 in several tasks, storage of fresh fuel, irradiated fuel and the cooling of spent fuel.
Non-Irradiated fuel

Storage fresh fuel
The pool storage model of the fresh fuel Figure 2 is an infinite lattice with a pitch of 40 cm and with temperature of 300 K for all materials. Effective neutron multiplication factor K eff significantly depends on the choice of lattice spacing. In compared the results of calculation effective neutron multiplication factor K eff according to changes of the density of water (1.0 to 0.0) g/cm 3 by using code SERPENT and the cross section library ENDFB7 with other results by using code (KENO-SCAL4) and the cross section library ENDFB4 presented in work [1] .
In the dependent of K eff and the density of water, we can obtain three ranges.
In the first range with decreasing the density of water, K eff decreases, because the system has enough water for isolation (independence) assemblies from each other.
In the second range with decreasing the density of water, K eff increases, because of the assemblies lost the isolation from other assemblies. And in the third range, with decreasing the density of water, K eff decreases because assemblies are in the conditions of "under-moderated" (between the fuel cells is less than the optimum amount of moderator). 
The spectrum of gamma ray from the fresh fuel
In Table 4 and Figure 4a and Figure 4b presented the spectrum of gamma ray for fresh fuel. Code SERPENT examines and calculates the continuous energy spectrum ( Figure   4a ). However, to compare it with the result in work [1] it must be converted in the groups of energy ( Figure 4b ).
Spectrum of gamma radiation consists of photons resulting from the decay of various isotopes and spontaneous fission of actinides. By SERPENT, the spectrum includes gamma photons with energies not more than 0.7 Mev, and does not include photons generated from spontaneous fission. The main contribution to the spectral radiation gives photons with energies in the range of 0.1-0.2 MeV. The mean free path of these photons in the fuel is 0.04 to 0.08 cm, and the radius of one pin fuel equal to 0.386 cm, which means that, photons have a low probability of exit from the FA.
SERPENT 2 calculates only the total rate of the spontaneous fission (2.57865 E+05 decay/s), which is significantly less than the integral spectrum of gamma radiation (5.74 E+9 1/s). Therefore, the spontaneous fission does not make a significant contribution to the integral spectrum of radiation. But the photons from spontaneous fission with much higher energies have a substantially higher probability of exit from free fuel element and the FA. Therefore, their contribution to the value of dose rate from gamma radiation increases.
The dose rate gamma radiation
The dose rate of gamma radiation calculated for two options, direct from the fresh fuel in the form of the fuel assemblies and from casks which are used for transporting DOI 10 .18502/keg.v3i3.1620 Page 207
AtomFuture-2017 The program SERPENT 2 calculates the dose rate only from gamma radiation, and the power of the neutron component of the dose does not take into account. Therefore, Table 6 and Table 7 show the dose rate of gamma radiation for the fresh fuel in the assembly and fresh fuel in the cask (FA, FA barrels) at the surface and at distances 0.5, 1.0 and 2.0 m from the surface with temperature of 300 K. In addition to this, Table 6 and Table 7 compare the data with the author's data and SAS2 [1] . Satisfactory agreement between the data in the SERPENT 2 with the calculations results for SCALE 4 [1] . Accordingly, the result of the dose rate from gamma radiation, which calculated by SERPENT 2 are not inferior to similar code.
Irradiated fuel
For analysis irradiated burnable fuel, only the variation of the neutron multiplication factor K ∞ with burnup was calculated, from 0 to 60 (MW.day/Kg HM).
In Figure 6a and, the results of the calculation of the neutron multiplication factor K ∞ were obtained by SCALЕ5 (SAS2) and SERPENT 2 programs, and the deviation between them was also calculated and presented in Figure 6b . 
Cooling the spent fuel in the pool
The Energy spectrum of gamma-ray
The energy spectrum of the gamma-ray calculated by SAS2 and SERPENT and presented in Figure 7 . Evidently, photons with energies in the range 0.6-0.8 mav give the main contribution to the spectral radiation. And it is known that the main contribution to the spectral radiation is provided by the Cs-134 isotope photons precisely in this energy range. The concentration of the Cs-134 isotope in SERPENT at this time is greater than in SAS2 (4.58E + 01, 4.07E + 01) g / FA, respectively. Because of this, the spectrum of gamma radiation in this range is greater in SERPENT than for SAS2. But the total number of photons by SAS2 is greater.
Dose rates
The dose rate of gamma radiation at distances of 0.5; 1.0 and 2.0 m from SFA after 3 years cooling calculated by SAS2 and SERPENT and compared between others in this work (table 8) . The value of dose rate of gamma radiation is related to the gamma radiation spectrum, for that, the values calculated by SAS2 more than SERPENT. The results agreed well with each other and presented in Table 8 .
After 3 years cooling of the spent fuel, it can be accommodated in transport containers (Fig. 8) . The composition and concentration of the atoms of structural materials in a container for spent fuel is presented in table 9. The total dose rate from gamma radiation and neutrons on the surface of the transport container with 12 SFA and at different distances from its surface, in this work it's calculated only by using program There is quite a significant and chaotic scatter of results later program SCALE with the previous versions of the calculations.
Activity and Residual heat generation of spent fuel
The dependence of the residual heat and activity of spent fuel for cooling time were calculated by SERPENT and SCALE5 (SAS2) and presented in Figure 9 and Figure 10 and Tables 11 and 12 .
From Table 11 and Figure 9 we can notice that, the activity of the spent fuel which calculated by SAS2 and SERPENT2 with the time of cooling were very close, and the variances between them were not more than 1.4 %. The results of the decay heat of the spent fuel are compared and presented in Table   12 and Figure 10 .
It shows that in the beginning of the cooling time, the residual heat in the SERPENT is more than SAS2, and the deviation between the results is increased to 1.5 years of cooling. Furthermore, the deviation begins to decrease, and it continues to 4 years of cooling SERPENT becomes smaller than for SAS2. This is due the different concentrations of the fission products and actinides, which are presented in Table 13 .
From Table 13 it is seen that the concentration of long-lived actinides in the SAS2 is more than SERPENT, so with cooling time, the residual heat in the SAS2 becomes more than the SERPENT. The contribution of actinides and the fission products in the residual heat of the spent fuel with cooling time are presented in Table 14 . 
Conclusions
We can observe from comparing the different values, the deviation of the data received by SCALE program with the results of SERPENT 2 program. The main reason for this difference is the approximation space and energy which are used in deterministic program SAS2.
The geometric FA in SAS2 does not contain the guide channels, which contained water. But in SERPENT the geometric FA contained them. This water will effect on the energies of neutrons, and that will change various values such as K ∞ , choice of cross section reaction and concentration of isotopes. Due to of changing these values, the characteristics of the SFA will be different.
Also, multi-group approximation, applied in the simulations SCALE contribute in the deviation. In work [17] shown that, the differences of the values were found for the typical LWRs lattices when comparing them with the multi-group Monte-Carlo code and continuous energy Monte Carlo.
Despite these reasons, the results calculated by SERPENT and SCALE5 for all the values were closed, and the results coincide well with each other. The discrepancy between the results of dose rate of the gamma radiation between the SERPENT and SCALE from our point of view due to the following reasons:
On the surface of TVs -due to the spatial approximations.
At various distances from the surface of the FA -due to different spectra of gamma radiation.
